The developmental plasticity of plants relies on the remarkable ability of the meristems to integrate nutrient and energy availability with environmental signals. Meristems in root and shoot apexes share highly similar molecular players but are spatially separated by soil. Whether and how these two meristematic tissues have differential activation requirements for local nutrient, hormone, and environmental cues (e.g., light) remain enigmatic in photosynthetic plants. Here, we report that the activation of root and shoot apexes relies on distinct glucose and light signals. Glucose energy signaling is sufficient to activate target of rapamycin (TOR) kinase in root apexes. In contrast, both the glucose and light signals are required for TOR activation in shoot apexes. Strikingly, exogenously applied auxin is able to replace light to activate TOR in shoot apexes and promote true leaf development. A relatively low concentration of auxin in the shoot and high concentration of auxin in the root might be responsible for this distinctive light requirement in root and shoot apexes, because light is required to promote auxin biosynthesis in the shoot. Furthermore, we reveal that the small GTPase Rho-related protein 2 (ROP2) transduces light-auxin signal to activate TOR by direct interaction, which, in turn, promotes transcription factors E2Fa,b for activating cell cycle genes in shoot apexes. Consistently, constitutively activated ROP2 plants stimulate TOR in the shoot apex and cause true leaf development even without light. Together, our findings establish a pivotal hub role of TOR signaling in integrating different environmental signals to regulate distinct developmental transition and growth in the shoot and root.
L acking the capability to escape from hostile environments, sessile plants adapt to their growth environments with remarkable growth plasticity to form and regenerate organs during their life cycle. Shoot apical meristem (SAM) and root apical meristem (RAM) are responsible for the aboveground and underground organ growth, respectively. Cell proliferation in root meristem and leaf primordium is important for the rapid growth and production of new organs, and is controlled strictly by internal developmental cues, nutrients, hormones, and external environmental signals (1, 2) . Understanding how growth and organogenesis in shoots and roots are regulated and coordinated in complex signaling networks is a central question, and one of the most challenging questions, in plant biology.
In the past decades, large efforts have been made to investigate the key regulatory components in these processes. The most wellstudied growth and organogenesis regulators in plants are phytohormones, which have been shown to control the meristematic cell division activity at both shoot and root apexes (3) (4) (5) . For example, in the shoot apex, auxin has been reported to trigger cell proliferation and differentiation, which is essential for organogenesis in leaf primordia. Cytokinin is an important cell cycle inducer to maintain the stem cell pool by activating the expression of WUSCHEL (WUS) in SAM (6) (7) (8) (9) (10) (11) . In addition, gibberellins and brassinosteroids are implicated in determining meristem size and cell division activity (3, 12, 13).
Light is considered as one of the most important environmental factors. In addition to its role in activating photosynthesis, light is a direct signal that can be perceived by various photoreceptors to regulate plant development, such as leaf organogenesis and flowering transition (14) (15) (16) (17) . Under dark conditions, the plant triggers skotomorphogenesis, where the cell proliferation activities in shoot and root apexes are dormant and the etiolated growth is mainly by cell elongation rather than cell division. In contrast, light induces photomorphogenesis of plants after they grow above the ground. Both the shoot and root meristems are activated, which leads to rapid root growth and leaf formation by promoting cell division and expansion. Recent studies have suggested that light directly influences auxin and cytokinin signaling for SAM maintenance and leaf primordia activation (9, 10), although the underlying mechanism is still unclear.
Besides the hormone and light signaling complexes, meristems need to integrate nutrients and energy availability to coordinate cell proliferation activity. This integration is at least partially achieved by the protein kinase target of rapamycin (TOR). TOR has been known to function as a central growth regulator that modulates nutrient status and energy signaling to promote cell proliferation and growth in both animals and plants (18, 19) . In Arabidopsis, TOR expression can be detected in primary meristem regions (20, 21) .
Significance
The modulation of growth and development is central to sessile plants. Shoot and root meristems share almost identical molecular machineries but are responsible for different types of aboveground and underground organogenesis. How two such highly similar biological systems respond to different environmental cues and regulate distinct developmental programs remains largely unknown. We report that, in harmony with nature, the shoot, but not the root, demands light for the activation of cell proliferation during organogenesis. We decipher the underlying mechanism that light is necessary for continuous auxin biosynthesis only in the shoot, but not the root, to activate target of rapamycin (TOR) kinase signaling. We further elucidate an auxin-Rho-related protein 2 (ROP2)-TOR-transcription factors E2Fa,b signaling cascade that integrates different environmental signals to orchestrate plant growth and development.
Previous work illustrated that TOR transduces photosynthesisderived glucose energy signals specifically to control the proliferation of stem/progenitor cells in the root meristem (22) . TOR directly phosphorylates and activates the transcription factor E2Fa for root meristem activation (22, 23) . These findings suggest that TOR kinase plays an essential role in root meristem regulation. Interestingly, a very recent study suggested that TOR is also involved in regulating WUS expression in SAM by transducing both light and glucose signaling (10) , but the detailed molecular mechanism needs to be investigated further.
Notably, different parts and stages of a plant may trigger distinct developmental programs under varying environmental conditions. One of the key developmental transitions of plant is the heterotrophic-to-photoautotrophic conversion when plants break up the soil and form aboveground and underground organs. A vital question is whether and how the spatially separated shoot and root respond to the dynamic environmental changes differentially in nature. In this study, we demonstrated that the activation of cell division at the aboveground shoot apex requires both glucose and light signals but the underground root meristem requires only glucose energy signaling. Strikingly, light activation of cell division at the shoot apex depends on promoting auxin biosynthesis and accumulation. Our work further revealed that auxin is responsible for the distinctive light requirement of shoot and root activation through the Rho-related protein 2 (ROP2)-TOR-E2Fa,b signaling transduction pathway.
Results
Shoot and Root Have Different Demands for Light and Glucose.
Postembryonic growth starts when plant seedlings penetrate the seed coat. The shoot and root are then spatially separated after the plant breaks through the soil. The shoot and root need to sense different environmental signals, including light and nutrition, to determine their own developmental patterns. To illustrate whether the shoot and root would respond differently to light and glucose, the mitotic quiescent seedlings generated by depletion of endogenous glucose (22) were preincubated in darkness for 16 h and then treated with glucose and light (Fig. S1 ). Without glucose, the whole seedlings remained quiescent regardless of light illumination (Fig. 1A) . However, glucose treatments resulted in differential responses to light in shoot and root development. In darkness, the shoot formed an etiolated hypocotyl but could not form true leaves, whereas light triggered the typical photomorphogenesis of seedlings with a pair of true leaves and short hypocotyls ( Fig. 1 A and B) . In contrast, glucose supply efficiently promoted rapid primary root growth, even in the absence of light ( Fig. 1 A and C) .
Because cell division is required for both root growth and leaf organogenesis, we examined mitotic activity in the root and shoot apexes in seedlings with a transcriptional mitotic reporter pCYCB1;1::GUS (24) (Fig. S2A) . In agreement with the responses observed in seedling growth, pCYCB1;1::GUS expression reveals that root meristem was reactivated by glucose independent of light ( Fig. 1D) , consistent with our previous finding using a thymidine analog, 5-ethynyl-2′-deoxyuridine, as a marker for S-phase entry of the cell cycle (22) (Fig. S2B) . Furthermore, pCYCB1;1::GUS expression suggests that both glucose and light are essential for mitotic activation in the shoot apex ( Fig. 1 D and E and Fig. S2A ). In contrast, glucose or light alone can only slightly activate the shoot apex, suggesting that glucose and light may trigger two independent signaling pathways to activate the shoot apex cooperatively and synergistically ( Fig. 1 D and E) .
Interestingly, 15 min of light exposure was sufficient to activate pCYCB1;1::GUS expression in the shoot apex (Fig. S3A ). To explore whether light signaling is required, we further examined the responses of the blue-light photoreceptor mutant cry1,cry2 (25) and red-light photoreceptor phyA,phyB (26) to blue and red light, respectively. In cry1,cry2 and phyA,phyB mutants, true leaf development promoted by blue or red light was greatly compromised compared with WT (Fig. S3B ). These data indicated that light functions as a direct signal to promote true leaf development, independent of its role in photosynthesis. Taken together, these findings suggest that the activation of the root meristem necessary for rapid root growth only requires glucose, whereas both light signaling and glucose are essential for the activation of the shoot apex for true leaf formation.
Both Light and Glucose Are Essential to Activate TOR Kinase in the Shoot Apex. To understand how plants transduce different environmental signals to determine the growth patterns in different zones, we investigated the molecular mechanism of shoot and root activation by light or glucose signals. Our previous studies suggested that glucose controls TOR signaling relays to activate cell proliferation in root meristems (22) . Therefore, we tested whether TOR signaling also controls cell division in the shoot apex. To avoid embryonic lethality of tor null mutants, we applied chemical genetics and specific inhibitors to examine the role of TOR in shoot apex activation. Rapamycin and torin2, two chemicals that specifically inhibit TOR activity (27) (28) (29) , as well as estradiol-inducible tor mutants, blocked the true leaf formation in the presence of light and glucose ( Fig. 2A and Fig. S4 ). Furthermore, pCYCB1;1::GUS expression was also completely blocked by rapamycin and torin2 (Fig. 2B ), suggesting that TOR activity is necessary for mitotic activation in the shoot apex.
We then examined whether glucose and light regulate TOR signaling in root and shoot apexes independently or cooperatively. We used the rapamycin-sensitive phosphorylation of T449 in the TORsubstrate protein ribosomal S6 kinase 1 (S6K1) as a conserved indicator of endogenous TOR kinase activity (27) . Glucose is sufficient to activate TOR kinase in the root apex (Fig. 2C) . Instead, neither light nor glucose alone can efficiently activate TOR kinase in the shoot apex. TOR kinase could be strongly activated only when both glucose and light are present (Fig. 2D) . These data reveal that plants integrate light and glucose signals to control TOR kinase activity tightly for shoot development. Auxin Mediates Light-Dependent Activation of TOR in the Shoot. We then sought to understand how light can activate TOR and why light is required for this activation in the shoot apex but not the root apex. We speculated the involvement of the phytohormone auxin, because auxin is required for cell division and is reported to mediate TOR signaling in plants (30) . In addition, light is one of the upstream signals to activate auxin signaling, and light triggers pDR5::YFP (an auxin transcriptional reporter) expression in the shoot apex (9) . Interestingly, pDR5::GUS expression showed that the transcriptional auxin response is high in the root tip but low in the shoot apex (Fig. S5A) . We hypothesized that auxin is at least one of the critical players for the activation of TOR in both the shoot and root apexes, whereas light is required for auxin accumulation in the shoot apex but not in the root tip.
To test these hypotheses, we first studied whether auxin can replace light or glucose to activate TOR, which, in turn, promotes cell proliferation in the shoot apex. Exogenously applied auxin indole-3-acetic acid (IAA) or 1-naphthaleneacetic acid (NAA), together with glucose, were sufficient to activate TOR kinase, as confirmed by the phosphorylation of T449 in S6K1, and to promote pCYCB1;1::GUS expression independent of light. This activation could be completely blocked by the TOR inhibitors rapamycin and torin2 ( Fig. 3 A and B and Fig. S6 ). These results suggest that auxin acts downstream of the light signaling pathway for TOR activation. Application of exogenous auxin did not further enhance mitotic activity in roots (Fig. 3A) , possibly due to the saturation of endogenous auxin signaling in root apexes. However, auxin cannot substitute glucose to activate TOR and pCYCB1;1::GUS expression in the shoot apex (Fig. 3 A and B) , suggesting that both glucose and auxin are indispensable for TOR kinase activation. Neither glucose nor auxin alone can effectively activate TOR kinase in the shoot apex.
We then examined the relation between light and auxin accumulation in the shoot and the root. We used the DII-VENUS transgenic line to monitor auxin levels (31) (Fig. 3C) , indicating that light induces auxin accumulation in the shoot apex. In contrast, VENUS signal in the root tip was unaffected by light treatment (Fig. 3C) . Light has been reported to promote the expression of several YUCCAs (YUC) (32), which encode flavin monooxygenases in auxin biosynthesis (33) . Quantitative RT-PCR (QRT-PCR) analysis confirmed that light specifically up-regulated the expression of YUC2, YUC4, and YUC7 in shoot apexes (Fig. S5C) , suggesting that light triggers auxin accumulation partially through auxin biosynthesis. Consistent with this hypothesis, the YUCCA-specific inhibitor yucasin (34) , completely blocked the light activation of cell proliferation in shoot apexes, but this process can be rescued by applying NAA in the growth medium (Fig. 3D) . These data provided direct evidence that the light signal triggers shoot activation through promoting auxin biosynthesis and accumulation.
Interestingly, yucasin treatment also strongly reduced auxin accumulation and pCYCB1;1::GUS expression in the root meristem ( Fig. 3D and Fig. S5B) , even in the presence of glucose. NAA treatment restored pCYCB1;1::GUS expression after yucasin treatment (Fig. 3D) , which indicated that auxin also plays a key role in regulating cell division at the root meristem. In addition, yucasin strongly inhibited TOR activity, which can be rescued by NAA (Fig. 3E) . (C) Light increased the auxin level in the shoot, but not root, apexes. The mitotic quiescent DII-VENUS and mDII-VENUS seedlings were subjected to light treatment for 4 h (Upper), and the relative DII/mDII-VENUS signals were quantified (Lower) (n = 10). *P < 0.05 (ANOVA test); n.s., not significant. (Scale bar: 50 μm.) (D) Yucasin suppressed pCYCB1,1::GUS expression in both the shoot and root apexes, which was rescued by auxin. (Scale bar: 100 μm.) (E) Yucasin suppressed TOR activity, which was rescued by auxin. In A, B, D, and E, the mitotic quiescent pCYCB1,1::GUS or 35S::S6K1-HA seedlings were treated with light or glucose without or with inhibitors as indicated (10 μM rapamycin, 25 μM torin2, 100 nM NAA, 15 mM glucose, 100 μM yucasin).
All of the above data strongly suggest that besides glucose, auxin signaling is another key upstream regulator for TOR kinase activation. Both glucose and auxin are essential for activating TOR kinase. In the root meristem, a relatively high concentration of auxin with the presence of glucose is enough to active TOR kinase in the dark. However, in shoot apexes, light is indispensable for continuously promoting auxin accumulation for TOR activation.
Rho GTPase Mediates the Auxin Activation of TOR Kinase. We next examined how auxin activates TOR. ROP GTPases in plants have been considered as central molecular switches to regulate many plant developmental processes (35) . Interestingly, in Arabidopsis, ROPs are activated either by light to regulate stomata opening or by auxin for leaf pavement cell development (36) (37) (38) . Arabidopsis seedlings expressing a constitutively active (CA) form of ROP2 exhibit constitutively photomorphogenesis phenotypes in the dark (39) . Furthermore, both ROP2 and TOR are expressed in the shoot apex (20, 39) . These results suggest that ROP2 may transduce the light-auxin signal to activate TOR kinase.
To test the functional link between ROP2 and TOR kinase, we first interrogated whether ROP2 directly interacts with TOR. We found that ROP2 was coimmunoprecipitated with TOR from shoot apexes of seedlings (Fig. 4A) . We then tested whether ROP2 activates TOR kinase activity. In Arabidopsis leaf cells, S6K1-Flag was coexpressed with either ROP2-HA or CA-ROP2-HA, and the TOR activity was monitored based on the phosphorylation status of T449 in S6K1. In nonstressed leaf cells, TOR kinase is already well activated and CA-ROP2-HA only mildly increased TOR kinase activity compared with ROP2-HA, possibly due to the saturated TOR activation (Fig. 4B and  Fig. S7A ). In contrast, when yucasin treatment inhibited TOR kinase activity, NAA and CA-ROP2-HA, but not ROP2-HA, were able to reactivate TOR kinase (Fig. 4B and Fig. S7A ). These data suggest that auxin activates ROP2 to stimulate TOR kinase activity.
We then examined whether ROP2 activation relies on light, auxin, or glucose. GTP-bound active ROP2 in Arabidopsis can be coimmunoprecipitated by ROP-interactive CRIB motif-containing protein 1 (RIC1), which only binds active ROPs (37). ROP2 activity was higher in seedlings grown under the light condition than in darkness ( Fig. 4C and Fig. S7B ). Notably, glucose had no effect on ROP2 activation, further demonstrating that light and glucose trigger two independent signaling pathways but that both are required for TOR kinase activation (Fig. 4C and Fig. S7B ). We then examined whether auxin mediates the light activation of ROP2. In yucasin-treated seedlings, light lost the capability to activate ROP2. On the other hand, ROP2 was activated in the dark-grown seedlings when treated with NAA ( Fig. 4D and Fig. S7C ). These results indicate that ROP2's activation by light relies on auxin.
The above results indicated that light-auxin signal can activate ROP2, and active ROP2 then promotes TOR kinase activity. Therefore, we anticipated that the 35S::CA-ROP2 seedlings would have constitutive mitotic activation in shoot apexes under darkness. Our results clearly showed that CA-ROP2 overexpression indeed activates the expression of pCYCB1;1::GUS in shoot apexes in the dark (Fig. 4E) . Moreover, true leaf development was observed in the dark-grown 35S::CA-ROP2 seedlings, resembling the light-grown WT seedlings, as reported previously (39) (Fig. 4F) . Importantly, rapamycin and torin2 strongly inhibited the true leaf development induced by CA-ROP2 (Fig. 4F) , indicating that TOR kinase acts downstream of CA-ROP2 signaling. Notably, glucose is still required for TOR kinase and shoot apex activation even with CA-ROP2 overexpression (Fig. 4 E and F) . These data suggest that CA-ROP2 can replace the light-auxin signaling, but not the glucose signaling, to activate TOR kinase activity and cell proliferation.
TOR Kinase Targets E2Fa and E2Fb to Control Shoot Development. To understand how TOR kinase regulates the activation of both shoot and root apexes following the perception of different environmental signals, we investigated the specific downstream targets of the TOR kinase in shoots and roots. Our previous studies revealed that TOR controls root meristem activation through directly phosphorylating transcription factor E2Fa and promotes its activity in activation of S-phase genes. However, no obvious difference was observed between WT and e2fa in shoot development (Fig. 5A) . There are six members in the Arabidopsis E2F gene family (40) , and E2Fa is only predominantly expressed in root apexes but not in shoot apexes (22) . Interestingly, similar to E2Fa, ectopic expression of E2Fb alone was sufficient to activate S-phase-specific marker genes, and the S-phase gene activation was inhibited by rapamycin treatment (Fig. S8A) . Furthermore, endogenous TOR kinase from Arabidopsis plants phosphorylated E2Fb in vitro, which was completely blocked by torin2 (Fig. 5B) . E2Fb could also be immunoprecipitated with TOR protein in plant leaf cells (Fig.  5C ). These results indicate that E2Fb is another direct TOR kinase substrate. However, there was no obvious difference between WT and the e2fb mutant in true leaf development (Fig. 5A) , suggesting a functional redundancy with E2Fa for shoot apex activation. We crossed e2fa and e2fb single-null mutant but could not --+ ----ROP2  ---+ ----+  ----CA-ROP2  ----+  -+ -----Torin2  + -------+ + + +  -----Yucasin  ----+ -------NAA  P-T449  S6K1 obtain the homozygous e2fa,e2fb null mutant because of silique defects (Fig. S8B) and embryo lethality, which indicated that E2Fa/b has essential roles in plant development. Therefore, we generated the E2Fb RNAi transgenic plants in a null e2fa mutant background. Although there was only about 50% transcript reduction of E2Fb in the e2fa/E2Fb RNAi double mutants (Fig.  S8C) , the true leaf development promoted by light and glucose treatment was significantly compromised (Fig. 5A) . QRT-PCR analysis demonstrated that e2fa/E2Fb RNAi mutants displayed specifically diminished glucose/light sensitivity in TOR activation of S-phase genes in the shoot apex (Fig. 5D) , providing genetic evidence for a key role of E2Fa and E2Fb in TOR kinase transcriptional networks governing shoot apex activation (Fig. S9) , although other key transcription factors may also function downstream of TOR signaling.
Discussion
All living organisms must integrate internal and external cues to ensure survival and to dictate their growth and development. This integration is of particular importance for sessile plants because they need to deal with intensely changing environments without the option of moving to conditions optimal for their growth. Plants solve this dilemma by generating different organs over their life cycle, such as the aerial shoot organs and underground root organs (41, 42) . Shoots and roots are spatially separated by soil, which physically forces them to sense distinctive environmental signals from aboveground or underground. How the aboveground shoot system and underground root system are regulated and coordinated in complex signaling networks remains a crucial question in plant biology. TOR kinase has been known to be a conserved central growth regulator in animals and plants. In this study, we found that TOR kinase is essential for the maintenance of mitotic activity in both the shoot and root apexes. By integrating light, phytohormone auxin, and glucose energy signal, TOR kinase directly phosphorylates transcription factors E2Fa and E2Fb, followed by promoting the transcriptional activation of S-phase genes for cell proliferation activation in both the shoot and root apexes. The shoot and the root apexes play different roles in plant development but share highly similar genetic programs, with almost the same molecular players encoded by closely related, tissue-specific homologs (43) . One key question is whether and how different environment signals from aboveground and underground can determine the differential organogenesis in shoot and root systems. Our findings suggested that development of the shoot and root has distinct requirements for glucose and light signals. Glucose energy signaling is essential for both shoot and root development through activating TOR kinase and its downstream targets. However, light signal is only necessary for the shoot, but not the root. To explain this differential requirement of light, we further discovered that auxin is able to replace light to activate TOR and regulate shoot development, which suggested that auxin is another indispensable upstream signal of the TOR signaling pathway. Neither glucose nor auxin alone can effectively activate TOR. We proposed that there might exist a dosage requirement for auxin to activate TOR signaling in the shoot and root apexes. The low concentration of auxin in the shoot apex is not enough for the continuous activation of TOR; thus, light is required to promote auxin synthesis at the shoot apex. In addition, the TOR kinase in the shoot apex would not be activated until light increases the auxin level. However, in the root meristem, a high concentration of auxin alone can activate TOR kinase without light. During evolution, plants seem to have developed a subtle mechanism to modulate TOR kinase and meristem activity based on the unequal local distribution of auxin and the environmental conditions. Interestingly, recent evidence revealed that TOR might also be involved in brassinosteroid signaling, because TOR kinase controls the accumulation of the brassinosteroid signaling transcription factor BZR1 by inhibiting autophagy (44) and TOR kinase substrate S6K2 directly phosphorylates BIN2 (45) , although the direct link between brassinosteroid signaling and TOR needs to be verified experimentally. It would be intriguing to investigate whether other hormones, such as cytokinin and brassinosteroid, also have such unequal local distribution in different meristems and mediate TOR signaling to modulate plant growth and development in response to the dynamic environment.
TOR kinase has been identified as a central coordinator of nutrients, energy, hormones, and stress signaling networks in both plants and animals (18, 19, 46) . However, how a single protein kinase could act as a master regulator to incorporate various upstream signals to modulate a myriad of cellular activities remains largely unknown. In contrast to recent progress in discovering the downstream effectors of plant TOR signaling [e.g., S6K1, S6K2, E2Fa, E2Fb, RPS6, BZR1, BIN2 (19, 22, 27, 44, 45, 47) ], the upstream regulators of plant TOR signaling remain poorly defined. The small GTPases RHEB and RAG function as the key upstream regulators for mTOR activation in mammalians, but no orthologs of RHEB or RAG GTPases have been identified in plants (18, 19) . Instead, plants possess a unique family of Rho-like small GTPases called ROPs (39) . We found that ROP2 interacts with TOR in vivo and CA-ROP2 can rescue the inhibitory effect of yucasin to promote TOR kinase activity strongly. Previous work showed that both light and auxin can activate ROP2 (36, 39) , and our work proved that overexpression of CA-ROP2 activates TOR kinase and mitotic activity in shoots even without light. These results strongly suggested that ROP2 is a key upstream regulator of TOR kinase in Arabidopsis that can transduce light-auxin signals to TOR kinase-dependent meristem activation. However, glucose cannot activate ROP2 and CA-ROP2 cannot replace glucose for TOR and meristem activation, indicating that the glucose signal is sensed and transduced by other upstream regulator(s) for TOR activation. In mammalian cells, AMP-activated kinase (AMPK) is another upstream regulator for mTOR activation. Recent work found that the plant AMPK ortholog KIN10 directly interacts with and phosphorylates Raptor, one of the main components in the TOR complex (48) . It is worth testing whether KIN10 or its homologs act as other TOR upstream regulators to mediate glucose signaling cascades.
The findings that glucose and auxin cooperate to control TOR signaling reveals a missing link in nutrient/phytohormone regulation of shoot and root meristems. It will be of great interest to explore the role of TOR signaling in supporting meristem activities in other sink organs (e.g., tubers, flowers, fruits, seeds), which is core to agricultural and bioenergy productivity. Elucidating the molecular regulatory network underlying the central functions of TOR in plant growth may enable a more targeted genetic modification of plant architecture, carbon allocation, and resistance to stress and diseases. Furthermore, understanding the novel molecular mechanisms of plant TOR signaling will enhance our fundamental knowledge of this master regulator in other organisms, including humans, where dysregulation of mTOR has been linked to various human diseases.
Materials and Methods
Plant materials and growth conditions, immunoblots, in vitro kinase assays, coimmunoprecipitation, QRT-PCR, and primers (Table S1 ), are described in SI Materials and Methods.
